
FINAL REPORT

to the
Office of Naval Research

on
Contract SAR/Nonr 609 (08) - NR 101-320

NEUROLOGICAL MECHANISMS IN EPILEPSY AND BEHAVIOR

By

Josd M.R. Delgado, M.D.
Associate Professor of Physiology

Project Director

DDC

APR 15 1965

D 1 RRA ai
Yale University School of Medicine A E

New Haven, Connecticut, 06510

March, 1965



The scientific investigations supported by contract SAR / Norr 609 (08) were

carried out from November 1st, 1953 until October 31st, 1963 with an annual

rate of $7,950. - $10,000. The title of the project "Neurological me-chanisms

in epilepsy and behavior" was representative of the main aims of the research.

I would like to emphasize that the economic support was at a n, idest level,

but it represented a decisive help to develop a new methodology for the study of

brain functions by means of permanent implantation of electrodes and chemitrodes,

radio- stimulation, time lapse photography and telemetry. Some of these methods

have been used by different investigators in the U. S. A. and in several Loreign

countries. Clinical applications have already derived from our studies, using

long term implantation of electrodes in the human brain as a diagnostic and thera-

peutic device. Our investigations, carried out mainly in monkeys, showed,

among other facts, that learning may be induced by direct stimulation of the brain;

initiated the study of the cerebral systems for punishment; demonstrated the

possibility of controlling autonomic, somatic, behavioral and emotional reactions

by stimulation of specific areas of the brain in awake animals; proved that hierarchy,

sexual activity, aggressiveness and other social relations may be modified by intra-

cerebral excitation; and in human patients it was shown that pleasure, friendliness,

fear, hostility moods, verbal output and other mental activities may be evoked

or modified by electrical stimulation of the central nervous system. These

findings advance the new understanding of the mind and mental functions as being not

only the subjects of philosophical speculation but also objects for scientific

neurophysiological investigation.
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Particularly rewarding was the collaboration - made possible through our

support by ONR - with Dr. Schaefer and his group at the U. S. Naval Research

Laboratories at the Submarine Base in New London, to study in a Joint project

the effects of C02 upon different cerebral functions; and the collaboration

with Dr. Tamas and his group at the Aerospace Medical Research Laboratories

of the Wright-Patterson Air Force Base in Ohio, to study, also as a joint

project, the effects on the central nervous system of some of the high energy

fuels used to propel rockets.

The ONR support has made possible another research project carried

out in collaboration with the Cajai Institute in Madrid, Spain, for the histological

study of cerebral structures after long term stimulation and for the preparation

of a functional atlas of the brain, in which histological and stereotaxic data will

be correlated with local electrical activity - spontaneous and induced - and with

autonomic, somatic and behavioral effects evoked by electrical stimulation of

the brain.

The results of our investigation have been explained in the annual reports

submitted to the ONR, as listed in the following pages, and have appeared in

more detail in the published papers which are listed in this final report.

Reprints of these papers have been sent regularly to the Physiology Branch

Offices of Naval Research.
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Collaborators In Research supported by Contract SAR/Nonr 609 (08)

Alonso de Florida, Francisco, M.D. Livingston, Robert B., M.D.

Apelbaum, JOsd, M.D. Looney, Edmund, Research Assistant

Ashworth, D., M.D. Mahl, George F ., Ph.D.

Back, Kenneth C., M.D. Mihailovid, Ljubodrag, M.D.

Boyden, Douglas, M.D. Miller, Neal E., Ph.D.

Brazier, Mary A.B., Ph.D. Nahum, L.H., M*D.

Bucaille, Maurice, M.D. Poindexter, E. Roy, Research Assistant

Bursten, Ben, M.D. Roberts, Warren W., Ph.D.

Candelas, R.R., M.D. Rodriguez Delgado, Rafael, LL.D.

Carey, Charles R., Research Assistant Rodriguez Pdrez, A.P., M.D.

Castejon, Francisco J., M.D. Rosvold, H. Enger, Ph.D.

Chapman, William P., M.D. Rubinstein, Eduardo H., M.D.

Cross, Harold D., M.D. Saizahra, F.R. , M.D.

Delgado, Caroline S., Research Assistant Santisteban, Francisco, M.D.

de los Santos, M.A. , M.D. Schaefer, K.E., M.D.

Fonberg, Elzbieta, M.D. Schoolman, Arnold, Ph.D., M.D.

Garotte, Lionel, M.D. Sevillano, Manuel, M.D.

Hamlin, Hannibal, M.D. Simhadri, Pillarisetti, M.D.

Higgins, John W., M.D. Spiro, Howard M., M.D.

Hofmann, Helmut, M.D. Symmes, David, Ph.D.

Hollowell, 0. Weems, M.D. Tamas, Anton A., M.D.

Koskoff, Yale David, M.D. Ushiyama, Junji, M.D.
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Our research, together with the specialized methods involved, constituted

a teaching program for medical, graduate, and post-graduate students. In addicion,

these studies have been the basis for inter-departmental collaboration with the

Departments of Psychology (Dr. Neal Miller), Pharmacology (Dr. E. Canellakis and

Dr. N. Giqrrnan), Gastroenterology (nr. H. Spiro and Dr. W. Thayer, Jr.),

Physical Medicine (Dr. Ian MacLean), Anesthesiology (Dr. L. Kitahata), and

Neurology (Dr. J. Prichard).

Prof. Dr. Felix G. Sulman, Head of the Department of Applied Pharmacology,

The Hebrew University, Jerusalem, Israel, came for a two' months' period in

September and October, 1964, to learn methods of intracerebral perfusion.

In previous years, investigators from England, France, Germany, Yugoslavia,

Spain, India, Poland, Japan, Mexico, and Argentina have come to my laboratory

as fellows, supported, usually, by their respective countries.

Some diagnostic and therapeutical applications have resulted from our past

research. The type of intracerebral electrodes developed in this laboratory have

been used by several neurosurgeons. Among others, we have supplied them to:

Dr. John Adams, San Francisco Medical Center, San Francisco, Cal.
Dr. Martin Adler, Albert Einstein College of Medicine, New York
Dr. L.V. Amador, Univ. Chicago School of Medicine, Chicago, IM.
Dr. Watson Albert, Mount Zion Hospital, San Francisco, Cal.
Dr. Irving Cooper, St. Barnabas Hospital, New York, N.Y.
Dr. Hannibal Hamlin, Howard State Hospital, Providence, R. I.
Dr. Frederich Haugen, Univ. Oregon Medical School, Portland, Ore.
Dr. Henry Lesse, Tulane University, New Orleans, La.
Dr. Ernest Sachs, Hitchcock Clinic, Hanover, N.H.
Dr. William Sweet, Mass. General Hospital, Boston, Mass.
Dr. Simon Thiry, Clinique Neurochirurgicale, Univ. de Liege, Belgium
Medicinalco: Danish Medical Research Company, Copenhagen, Denmark



Index of all technical reports -issued under Contract SAR/Nonr 609 (08):

1. January, 1953. Proposal for Contract.

2. January 15, 19.S4. Annual Progress Report: Abstract of Results.
November 1, - December 31, 1953.

3. July 1, 1954. Progress Report and Proposal for Renewal of Contract.
Nov. 1, 1953- July 1, 1954.

4. December 22, 1954. Annual Progress Report: Abstract of Results.
Jan. 15- Dec. 20, 1954.

5. January 20, 1955. Annual Progress Report.
January, 1954 - January, 1955.

6. July 1, 1955. Progress Report and Proposal for Renewal of Contract.
Nov. 1, 1954- July 1, 1955.

7. December 29, 1955. Annual Progress Report: Abstract of Results.
Jan. I - Dec. 20, 1955.

8. January 30, 1956. Annual Progress Report and Proposal for Renewal of Contract.
Jan. 1, 1955 - Jan. 1, 1956.

9. December 1, 1956. Annual Progress Report: Abstract of Results.
Jan. 1 -Dec. 1, 1956.

10. January 30, 1957. Annual Progress Report and Proposal for Renewal of Contract.
Jan. 1, 1956- Jan. 1, 1957.

11. November 15, 1957. Annual Progress Report: Abstract of Results.
Jan. 1, 1957 - Nov. 15, 1957.

12. November 15, 1958. Annual Progress Report: Abstract of Results.
Nov. 15, 1957 - Nov. 15, 1958.

13. November 13, 1959. Annual Progress Report: Abstract of Results.
November, 1958 - November, 1959.

14. January 10, 1960. Annual Progress Report and Proposal for Renewal of Contract.
Dec. 31, 1958 - Dec. 31, 1959.

15. April 20, 1960. Annual Progress Report.
Jan. 10, 1960 - April 15, 1960.
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16. November 1, 1960. Progress Report: January - November, 1960.

17. April 20, 1961. Annual Progress Report.
April 15, 1960 - April 15, 1961.

18. November 1, 1961. Annual Progress Report: Abstract of Results.
Jan. 1, 1961 - November 1, 1961.

19. April 17, 1962. Annual Progress Report.
April 15, 1961 - April 15, 1962.
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20. November 1, 1962. Annual Progress Report: Abstract of Results.
Jan. 1, 1962 - Nov. 1, 1962.

21. January 1, 1963. Annual Progress and Proposal for Renewal of Contract.
April 15, 1%62 - December 31, 1962.

22. November 15, 1963. Annual Progress Report: Abstract of Results.
Jan. 1, 1963 - Nov. 15, 1963.

23. April 2, 1964. Progress Report on Leave of Absence.
July 1, 1963 - March 31, 1964.

24. April 15, 1964. Annual Progress Report.
Jan. 1, 1963 - April 15, 1964.
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Publications supported by Contract SAR/Nonr 609r ()-

1. Schulman, Arnold. A study of functional correlations between motor cortex and
cerebellum. Thesis presented for Ph.D. degree from Yale University, 1954.

2. Delgado, Jos6 M.R. and Arnold Schulman. Cerebro-cerebellar correlations in
the awake cat. Fed. Proc., 14: 36, 1955.

3. Carey, Charles R., K.E. Schaefer, and JosE M.R. Delgado. The influence of
various CO2 concentrations on electrical activity and excitability of the brain in
the waking monkey. Fed. Proc., 14: 25, 1955.

4. Delgado, Jos6 Ma R., H. Enger Rosvold. and Edmund Looney. Evoking condi-
tioned fear by electrical stimulation of subcortical structures in the monkey brain.
J. comp. physiol. Psychol., 49: 373-380, 1956.

5. Rosvold, H. Enger and Josd M.R. Delgado. The effect on delayed-alternation
test performance of stimulating or destroying electrically structures within the
frontal lobes of the monkey's brain. J. comp. physiol. Psychol., 49:.365-372,1956.

6. Delgado, Josd M. R. ,Warren W. Roberts, and Neal E. Miller. Learning moti-
vated by electrical stimulation of the brain. Amer.J.Physiol., 179:587-593, 1954.

7. Delgado, Josd M. R. Cerebral structures involved in transmission and elabora-
tion of noxious stimulation. J. Neurophysiol., 18: 261-275, 1955.

8. Delgado, Josd M. R. Evaluation of permanent implantation of electrodes within the
brain. EEG clin. Neurophysiol., 7: 637-644, 1955.

9. Rosvold, H. Enger and Josd M.R. Delgado. Effect of electrical stimulation of
the brain on the behavior of monkeys. Proc. 14th int. Congr. Psychol.,
pp. 163-164, 1954.

10. Nahum, L.H. , D. Ashworth, and J.M.R. Delgado. Excitability curves of physiol-
ogical and pathological dog auricle in the intact animal. Proc. Soc. exp. Biol. N.Y.
88: 167-169, 1955.

11. Delgado, Josd M.R. Cerebral mechanisms possible related to pain and fear.
Arch. Neurol. Psychiat., Chicago, 73: 576, 1955.

12. Mihailovid, Ljubodrag and Josd M. R. Delgado. Electrical stimulation of monkey
brain with various frequencies and pusle durations. J.Neurophysiol.,19:21-36,1956.

13. Delgado, Josg M.R. and Robert B. Livingston. Motor representation In the
frontal sulci of the cat. Yale J. Biol. Med., 28: 245-252, 1955-56.
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14. Mihailovid, Ljubodrag and Josd M. R. Delgado. Convulsive activity evoked by
cerebral stimulation in the awake monkey. Amer. J. Physiol., 183: 644, 1955.

15. Alonso de Florida, F. and Jos6 M.R. Delgado. Lasting effects on behavior
evoked by cerebral stimulation of the cat. Amer. J. Physiol., 183; 592, 1955.

16. Delgado, Jos6 M. R. Elektroenzephalographie der tieferen Zellmassen des
Gehirns. (Electroencephalography of the deeper cell masses of the brain.)
Pp. 401-419 in Vol. I of: "Einfuhrung in die stereotaktischen Operationem mit
cinem Atlas des menschlichen Gehirns. (." Introduction to Stereotaxis with an
Atlas of the Human Brain.") Georges Schaltenbrand and Percival Bailey, (eds.)
Stu•tgart;: Georg Thiemv. 493 pp.. 1959.

17. Delgado, Josg M.R., Hannibal Hamlin, and Yale David Koskoff. Electrical
activity after stimulation and electrocoagulation of the human frontal lobe.
Yale J. Biol. Med., 28: 233-244, 1955-56.

18. Brazier, Mary A.B., Hannibal Hamlin, Josd M.R. Delgado, and William P. Chap-
man. The persistence of electroencephalogram effects of pentothal.
Anesthesiology, 17. 95-102, 1956.

19. Delgado, Jose M. R. and Ben Bursten. Attraction and avoidance evoked by septal
and rhinencephalic stimulation in the monkey. Fed. Proc., 15: 1-45, 1956.

20. Delgado, Josd M. R. Use of intracerebral electrodes in human patients.
EEG olin. Neurophsyiol., 8: 528-530, 1956.

21. Delgado, Josd M.R. Action of hormones upon brain excitability. Proc. 20th int.
physiol. Congr., no. 469, 1956.

22. Delgado, Josd M.R. and Hannibal Hamlin. Surface and depth electrography of
the frontal lobes in conscious patients. EEG clin. Neurophysiol., 8: 371-384, 1956.

23. Higgins, John W., George F. Mahl, Jos6 M.R. Delgado, and Hannibal Hamlin.
Behavioral changes during intracerebral electrical stimulation.
Arch. Neurol. Psychiat., Chicago, 76: 399-419, 1956.

24. Delgado, Jos6 M. R. and Ljubodrag Mihailovid. Use of intracerebral electrodes
to evaluate drugs which act on the central nervous system. Ann. N.Y. Acad.Sci.,
64: 644-666, 1956.

25. Delgado, Josd M.R. Use of intracerebral electrodes in brain physiology and phar-
macology. (16 mm film) Proc. 20th int. physiol. Congr., p. 1001, 1956.

26. Delgado, Jose M. R. Chronic implantation of intracerebral electrodes in animals.
Pp. 25-36 in: "Electrical Stimulation of the Brain," D.E. Sheer (ed.)
Austin: Univ. Texas Press, 641 pp., 1961.
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1:7. Cross, Harold D. Respiratory effects evoked in the awake monkey by brainstem
and cerebellar stimulation. Thesis for M.D., Yale University School of Medi-
cine, 1957.

28. Delgado, Jos6 M. R. Brain stimulation in the monkey: technique and results.
(16 mm color and sound film) Fed. Proc., 16: 29, 1957.

29. Delgado, Josd M. R. Intracerebral electrodes: use in physiology, pharmacology
and psychology. (Exhibit: FASEB Annual Meeting, Chicago.)
Fed. Proc., 16: 579, 1957.

30. Hollowell, 0. Weems. I. Respiratory effects evoked in the awake monkey by
brainstem and cerebellar stimulation. II. Vomiting evoked in the awake monkey
by means of electrical stimulation of the brainstem with implanted electrodes.
Thesis for M.D., Yale University School of Medicine, 1957.

31. Hamlin, Hannibal, Jos6 M.R. Delgado, Mary A. Brazier, and George F. Mahl.
Therapy of temporal lobe epilepsy guided by implanted electrode studies.
1st int. Congr. neurol. Surg., Excerpta med., p. 103, 1957.

32. Delgado, Jos6 M. R. Excitabilidad cerebral y substancias antiepilepticas.
Actas, 3rd Reun., Soc. esp. Ciencias fisiol., pp. 255-257, 1956.

33. Bursten, Ben and Jos6 M.R. Delgado. Positive reinforcement induced by intra-
cerebral stimulation in the monkey. J. comp. physiol. Psychol., 51: 6-10, 1958.

34. Schoolman, Arnold and Jos6 M.R. Delgado. Cerebro-cerebellar relations in the
awake cat. J. Neurophysiol., 21: 1-16, 1958.

35. Delgado, Josd M. R. Functional exploration of the brain with stereotaxic
techniques. J. Neurosurg., 15: 269-274, 1958.

36. Delgado, Jose M. R. Control of behavior by electronic stimulation of the brain.
Naval Research Reviews, May: 1-7, 1959.

37. Delgado, Josd M. R. Behaviour and epileptic mechanisms studied with intracere-
bral electrodes. (Proc. Congr~s National des Sciences MWdicales. Bucarest,1957).
Editions de l'Acaddmie de la Rdpublique Populaire Rournaine, p. 283, 1957.

38. Alonso de Florida, Francisco and Josd M.R. Delgado. Lasting behavioral and
EEG changes in cats induced by prolonged stimulation of arnygdala.
Amer. J. Physiol., 193: 223-229, 1958.

39. Delgado, Josd M. R. and Hannibal Hamlin. Direct recoriing of spon, neous and
evoked seizures in epileptics. EEG clin. Neurophysiol., 10: 463-486, 1958.

40. Delgado, Jos6 M.R., Junji Ushiyama, and Lionel Garotte. Effects of repeated
ccrcbral stimulation in monkeys. Fed. Proc., 17: 34, 1958.

p. 9.



41. Delgado, Jos6 M.R. Brain infatigability. Fed, Proc., 18: 35, 1959.

42. Cross, Harold D., 0. Weems Hollowell, and Jos6 M.R. Delgado. Respiratory
effects evoked by cerebellar and brain stem stimulation in monkeys. A possible
bioassay preparation. Neurology, 9: 35-41, 1959.

43. Delgado, Josd M.R. Brain and behavior. (Exhibit). Fed. Proc., 18: 736, 1959.

44. Delgado, Jos6 M. R. and Helmut Hofmann. Study of cerebral excitability in the
monkey after administration of iproniazid (marsilid). EEG cin. Neurophysiol.,
11: 396, 1959.

45. Delgado, Jos6 M. R. Prolonged stimulation of the brain in awake monkeys.
J. Neurophysiol., 22: 458-475, 1959.

46. Delgado, Jos6 M.R. A transistor timed stimulator. EEG clin. Neurophysiol.,
11: 591-593, 1959.

47. Delgado, Jose M.R. and A.P. Rodriguez Perez. Brain histology after repeated
cerebral stimulation. EEG clin. Neurophysiol., 11: 616, 1959.

48. Delgado, Jos6 M.R. Electronic command of movement and behavior.
Trans. N.Y. Acad. Sci., Ser. II, 21: 689-699, 1959.

49. Delgado, Josd M. R., Helmut Hofmann, and David Symmes. Effect of amphenidone
on the brain of the conscious monkey. Arch. int. Pharmacodyn., 125:161-171, 1960.

50. Delgado, Jose M. R. Modification of social behavior induced by remote-controlled
electrical stimulation of the brain.
XXI int. Congr. physiol. Sci., Abstracts, p. 75, 1959.

51. Delgado, Josd M.R. Influence of hormones upon brain excitability.
EEG cdin. Neurophysiol., 10: 365, 1958.

52. Symmes, David and Jos6 M.R. Delgado. Behavioral correlates of limbic after-
discharge in monkey. EEG clin. Neurophysiol., 12: 268, 1960.

53. Sevillano, Manuel and Jos6 M. R. Delgado. Circulatory and conditioned responses
during seizure activity of the cat. EEG clin. Neurophsyiol., 12: 267-268, 1960.

54. Delgado, Jos6 M. R., Ljubodrag Mihailoviý, and Manuel Sevillano. Cardiovascular
phenomena during scizure activity. J. nerv. ment. Dis., 130: 477-487, 1960.

55. Delgado, Josd M.R. Circulatory effects of cortical stimulation. Physiol. Rev.,
40: 146-171, 1960.

56. Delgado, Jos6 M.R. Emotional behavior in animals anra humans.
Psychiat. tes. Rep., 12: 259-271, 1960.



57. Delgado, Jose M.R. and Hannibal Hamiin. Spontaneous and evoked electrical
seizures in animals and humans. Pp. 133-158 in "Electrical Studies on the
Uinanesthetized Brain," E.R. Ramey and D.S. O'Doherty, (eds.), New York:
Paul B. Hoeber, 432 pp., 1960.

58. Delgado, Jos6 M.R. Brain and social behavior in the monkey. (Film).
Fed. Proc., 19: 286, 1960.

59. Delgado, Jos6 M. R. Bases neurofisiologicas de la afectividad. (Neurophysio-
logical basis of effective behavior.) 22 pp. Congreso Nacional de Neuro-
psiquiatria, Barcelona, Abril, 1960.

60. Fonberg, Elzbieta and Jos6 M. R. Delgado. Ham owanie odruch6w warunkowych
pokarmowych I obronnych Il typu wywolane draznieniem ukladu limbicznego.
Acta physiol. pol., XI: 696-698, 1960.

61. Delgado, Jos6 M.R. and Manuel Sevillano. Evolution of repeated hippocampal
seizures in the cat. EEG clin. Neurophysiol., 13: 722-733, 1961.

62. Delgado, Jose M. R. Cerebral and behavioral effects on the monkey of CAPP
(1 M-Amino-phenyl-5-carbomethoxy- 2-pyridone).
Arch. int. Pharmacodyn., 133: 163-172, 1961.

63. Rodriguez Delgado, Rafael and Jose M. R. Delgado. An objective apprrqach to
behavior. Phil. Science, 29: 253-268, 1962.

64. Fonberg, Elzbieta and Josd M. R. Delgado. Inhibitory effects of amygdala on
food intake and conditioning. Fed. Proc., 20: 335, 1961.

65. Fonberg, Elzbieta and Jos6 M. R. Delgado. Avoidance and alimentary reactions
during amygdala stimulation. J. Neurophysiol., 24: 651-664, 1961.

66. Delgado, Jos6 M. R. Pharmacological modifications of social behavior.
Biochem. Pharmacol., 8: 131-132, 1961.

67. Delgado, Jos6 M.R. Brain centers and control of behavior - animals. Pp. 221-
227 in "Psychosomatic Medicine," J.H. Nodine and J.H. Moyer, (eds.), Phila-
delphia: Lea and Febiger, 1002 pp., 1962.

68. Rubinstein, Eduardo H. and Jos6 M.R. Delgado. Functions of the caudate nucleus
in the monkey. Proc. int. Union physiol. Sci., 2: 366, 1962.

69. Delgado, Jos6 M. R., Pillarisetti Simhadri, and Josd Apelbaum. Chronic implan-
tation of chemitrodes in the monkey brain. Proc. int. Union physiol. Sci.,
2: 1090, 1962.
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84. Delgido, Josd M. R. Intracerebral chemo-stimulation in unanesthetized
monkeys. Fed. Proc., 22: 515, 1963.

85. Delgado, Josd M.R. Comments on Neuropharmacological studies of EEG and
behavior. Pp. 284-290 in "EEG and Behavior," Gilbert H. Glaser, (ed.),
New York: Basic Books, 406 pp., 1963.

86. Delgado, Jose M. R. Cerebral heterostimulation in a monkey colony.
Science, 141: 161-163, 1963.
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70. Delgado, josd M. R. and Kenneth C. Back. Implantation and use of brain elec-
trodes for toxicological application. Wright Air Development Division Technical
Report 61-609, Wright-Patterson Air Force Base, Ohio: November, 1961.

71. de los Santos, M.A., M. Bucaille, J.M.R. Delgado, and H.M. Spiro. Gastric
secretor1y response to histamine in the macaque. Gastroenterology,42:595-598,1962.

72. Delgado, Josd M.R. Pharmacological modifications of social behavior. Pp. 265-
292 in "Pharmacological Analysis of Central Nervous Action," W.D.M.Paton, (ed.),
Oxford: Pergamon Press, 330 pp., 1962.

73. Delgado, Jose M. R. The effect of brain stimulation on task-free situations.
EEG clin. Neurophysiol., 14: 421, 1962.

74. Delgado, Jose M. R. and Hannibal Hamlin. Depth. electrography.
Confin. neurol., 22: 228-235, 0c62.

75. Delgado, Jose M.R. Telemetry and telestimulation of the brain. Pp. 231 -249 in
'Bio-Telemetry," L. Slater, (ed.), New York: Pergamon Press, 372 pp., 1963.

76. Delgado, josd M. R. Electrodes for extracellular recording and stimulation.
Chap. 3 in " Electrophysiological Methods," of Vol. V, Part A: "Physical Tech-
niques in Biological Research." N. L. Nastuk, (ed.), New York: Academic
Press, 460 pp., 1964.

77. Delgado, Jose M.R. Free behavior and brain stimulation. Pp. 349-449 in:
International Review of Neurobiology, Vol. VI. C. C. Pfeiffer and J. R. Smythies,
(eds.), New York: Academic Press, 476 pp., 1964.

78. Delgado, Jos6 M. R. Conductas radiodirigidas.
Gaceta Ilustrada, No. 380, pp. 5-10, 18 Enero, 1964.

79. Delgado, Jos6 M. R. Materia, mente y cerebro.
Indice, No. 182, pp. 3-6, Febrero, 1964.

80. Delgado, Josd M.R., Francisco J. Castejon y Francisco Santisteban. Radio-
estimulaci6n cerebral en toros de lidia.
VIII Reun. nac. Soc. Ciencias Fisiol6gicas, Madrid, Febrero, 1964.

81. Delgado, Josd M.R. Toros radiodirigidos.
Gaceta Ilustrada, No. 393, pp. 84-89, 18 Abril, 1964.

82. Delgado, Josd M. R. Factores extracerebrales de la mente.
Revista de Occidente, No. 14, pp. 131-144, Mayo, 1964.

S83. Delgado, Josd M.R., Kenneth C. Back, and Anton A. Tamas. Effect of boranes
on the monkey brain. Arch. int. Pharmacodyn., 141: 262-271, 1963.
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